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— ABSTRACT OF THE DISCLOSURE 

This invention relates to a device for producing lines 
or groups of lines of electromagnetic radiation of the optical 
spectral range in a definable area of space. The lines or groups 
of lines can be used as positioning aids or geometry detection 
aids, and they include at least one conversion unit which is at 
least partially transparent to the electromagnetic radiation 
used, and which can convert the electromagnetic radiation passing 
through it, especially coherent radiation or laser radiation, 
such that the electromagnetic radiation forms at least one line 
or group of lines in a given three-dimensional area. — 
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PRODUCING LINES OF LIGHT FOR 
POSITIONING ASSISTANCE FOR ROBOTS 

Background of the Invention 

[0001] This invention relates to a device for producing lines 

or groups of lines of electromagnetic radiation of the optical 
spectral range in a definable area of space. The lines or groups 
of lines can be used as positioning aids or geometry detection 
aids^ and they include at least one conversion unit which is at 
least partially transparent to the electromagnetic radiation 
used, and which can convert the electromagnetic radiation passing 
through it, especially coherent radiation or laser radiation, 
such that the electromagnetic radiation forms at least one line 
or group of lines in a given three-dimensional area. 
[0002] A device of this type is used, for example, to give to 

a robot a positioning aid for machining of a workpiece, or to 
make available to the robot a recognition aid for the contour or 
the geometry of a workpiece. Generally, the electromagnetic 
radiation is laser light which passes through the conversion unit 
into the stipulated three-dimensional area located, for example, 
on the workpiece such that on the workpiece for the robot, 
recognizable groups of lines are copied in the form of a planar 
orthogonal grid. Using these groups of lines, made for example 
as grids, the robot is enabled to machine the workpiece at given 
points . 

[0003] Conversion units in the past are diffractive elements 

such as holograms which can diffract parts of the laser light 
penetrating the conversion unit, such that in the given three- 
dimensional area, for example, on the workpiece, lines, or for 
example, grid-shaped groups of lines form. One defect, in the 
past embodiments of the conversion unit using diffractive 
elements, is that a substantial portion of the electromagnetic 
radiation is diffracted into undesirable orders so that generally 
far less than 50% of the electromagnetic radiation incident on 
the conversion unit contributes to producing lines or groups of 
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lines. Furthermore, when the conversion unit is equipped with 
diffractive elements, it is disadvantageous that only very small 
widening angles can be achieved, so that only in a relatively 
small range of solid angles behind the conversion unit, can lines 
or groups of lines be produced. 

[0004] The object of this invention is to devise a device of 

the initially mentioned type which is made to be more efficient. 

SUMMARY OF THE INVENTION 

[0005] This is achieved as depicted in the invention, in that 

the conversion unit includes at least one refractive element - 
By refraction of the radiation passing through the conversion 
unit, on at least one optically functional interface of the 
refractive element, at least one line or group of lines is formed 
in the given three-dimensional area. When using a refractive 
element, much higher efficiencies of almost 100% can be achieved. 
Furthermore, refractive elements make it possible to dramatically 
broaden the electromagnetic radiation incident on the conversion 
unit., so that the desired lines, or groups of lines, can be 
formed in an essentially larger range of solid angles behind the 
conversion unit. 

[0006] To do this, the optically functional interface of at 

least one refractive element can have a freely selectable 
configuration which is suitable for the lines, or line groups, 
to be produced. It is, for example, possible to divide the 
optically functional interface of at least one refractive element 
into segments. In this case, the segments can have the same size 
and can be shaped to be identical. 

[0007] According to one preferred embodiment of this 

invention, the individual segments can have a cylinder lens 
geometry, there being, preferably, two groups of segments with 
cylinder axes of cylindrical geometry perpendicular to one 
another. The cylinder lens geometry of the individual segments 
can be a spherical, or an aspherical, cylinder lens geometry. 
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Especially in the choice of these cylinder lens geometries, is 
it possible to widen the electromagnetic radiation passing 
through the conversion unit behind the latter into a solid angle 
of up to, or even more than, 180°. For example, groups of 
crossed lines can be formed, by the arrangement of individual 
segments of the optically functional interface, as cylinder lens 
segments with cylinder axes perpendicular to one another and can 
form a grid-like structure, as for example, a planar orthogonal 
grid with a correspondingly array-like arrangement of the 
refractive elements . 

[0008] It is possible, as depicted in the invention, for the 

produced lines to be straight or even curved lines. Furthermore, 
it is possible for the generated groups of lines to be crosses, 
triangles, polygons or grids, and the lines which form the 
individual groups of lines can be at a right, or at a non-right 
angle to one another. 

[0009] According to one preferred embodiment of this 
invention, the generated lines or groups of lines are curved such 
that upon incidence on a curved surface of a workpiece in a given 
three-dimensional area on this workpiece, they form a planar 
structure, especially a planar, orthogonal grating. It is, for 
example, conceivable that in machining robot machines, the 
workpiece removes material from the workpiece with the aid of the 
aforementioned inherently curved grid structure until the sensors 
of the robot detect that the line structure which is incident on 
the machined curved surface of the workpiece forms a planar 
orthogonal grid. The conversion unit, encompassed by the device 
as depicted in the invention, causes distortion of the traversing 
electromagnetic radiation which is distorted by a correspondingly 
curved workpiece such that a clearly detectable structure like 
a planar orthogonal grid is formed. 

[0010] It is possible for the device to include a source for 

producing electromagnetic radiation, especially a laser light 
source. The device together with the laser light source can be 
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used either as a separate unit or can, for example, be installed 
in a corresponding robot for machining of workpieces. 
[0011] It is also possible to use one such device for process 

monitoring, for example, to monitor a welding process, here 
especially, an application in conjunction with CMOS cameras is 
suitable, because these CMOS cameras have much higher dynamics 
so that among others both the welding point and also its vicinity 
can be better recognized, so that, for example, the lines, or 
groups of lines, imaged on the workpiece to be welded can be 
better recognized by the welding unit, or the process monitoring 
unit. Other possible applications of a device as depicted in the 
invention are in the area of surface analysis or three- 
dimensional assignment, especially tracking of a system. 

Brief Description of the Figures 

[0012] Other advantages and features of this invention become 

clear from the following description of preferred embodiments 
with reference to the attached Figures: 

[0013] Figure 1 shows a perspective view of a conversion unit 

as claimed in the invention; and 

[0014] Figure 2 shows a plan view of four groups of lines of 

electromagnetic radiation which can be produced using the 
conversion unit as shown in Figure 1 in a predefinable three- 
dimensional area. 

Detalled Description of the Invention 

[0015] First, reference is made to Figure 1. The sample 

embodiment of a conversion unit 1 as depicted in the invention, 
as shown in Figure 1, is composed of four identical refractive 
elements 2. In the embodiment shown, the refractive elements 2 
are each of the same size and each have a planar quadratic entry 
surface for the electromagnetic radiation, the four entry 
surfaces being located bordering one another such that the four 
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quadratic planar entry surfaces of the refractive elements form 
a continuous square- 

[0016] One optically functional interface 3, which is used as 

the exit surface for the electromagnetic radiation, made for 
example as a laser beam is opposite the planar entry surface of 
each of the refractive elements 2. In the embodiment shown, the 
optically functional interfaces 3 are each divided into four 
segments 4. In the embodiment shown, the segments being chosen 
such that the refractive element 2 represents a regular four- 
sided pyramid with curved side surfaces. The curvature of the 
segments 4 of the optically functional interface 3 is chosen in 
the embodiment shown such that the segments 4 opposite one 
another are sections of the same cylinder jacket- Here the 
cylinder axes of adjacent segments 4 are perpendicular to one 
another at the same time. Each of the refractive elements 2 thus 
include,, in the embodiment shown, an optically functional 
interface 3 which is composed of four segments 4 which are used 
as cylinder lenses. These segments 4 which are used as cylinder 
lenses touch one another at the tip of the aforementioned regular 
polygonal pyramid with curved side surfaces. 

[0017] With corresponding transparency of the conversion unit, 

shown in Figure 1, to the electromagnetic radiation incident on 
the conversion unit 1, in the three-dimensional area which is 
located preferably at the distance of the focal length of the 
cylinder lens-like segment 4 from the conversion unit, there is 
an arrangement of groups 5 of lines which is apparent from Figure 
2. Each of the groups 5 of lines include two lines 6, 7 which 
cross one another at an angle of 90°. Each of the lines 6 and 7 
represents a combined focal line of two segments 4 of an 
optically functional interface 3 of one of the refractive 
elements 2, the two segments 4 being opposite one another. The 
vertical position of the cylinder axes of adjacent segments 4 of 
refractive elements 2 yields the cross shape of each of the 
groups 5 of lines. In particular, the right angle between the 



J., rii o :^ o rii la ^-i- ,„ a s> s: "•i-i'ii £' 

6 

lines 6 and 7 follows from the cylinder axes of adjacent segments 
4 being perpendicular to one another. 

[0018] If the cylinder axes of adjacent segments are not 

perpendicular to one another, there is a group of lines in which 
the individual lines cross at an angle which is not equal to a 
right angle. It is possible as depicted in the invention to 
choose different geometries of the individual segments. For 
example, aspherical cylinder geometries can be used, or even 
largely free-form surface geometries. It is also possible to 
divide the optically functional interfaces into more or less than 
four segments. 

[0019] In this way, not only crossed groups of lines which 

according to Figure 2 overall yield a grid, but also lines which 
yield a triangle or lines which yield a polygon and which are 
then combined with the corresponding other groups of lines into 
patterns can be produced. It is also possible to execute the 
individual lines as curved lines, depending on the geometrical 
configuration of the individual segments or the individual 
optically functional interfaces of the conversion unit. 
[0020] Furthermore, it is possible to produce for example 

grid-shaped groups of lines which then become apparent only as 
an orthogonal grid structure when the laser radiation passing 
through the conversion unit in the given three-dimensional area 
is incident on a curved surface of a workpiece. One such 
structure which appears as an orthogonal grid structure in 
projection onto a curved surface could be used, for example, 
within the framework of machining processes on the aforementioned 
workpiece. In particular, a robot which shapes a workpiece could 
remove material in a controlled manner on the workpiece until the 
light passing through from the conversion unit to the workpiece 
yields an orthogonal planar grid. In this case, the workpiece 
has the desired curved surface on which the projected groups of 
lines yield an orthogonal planar grid. 

[0021] It is furthermore possible for the device for producing 

lines or groups of lines to be integrated into a robot which 
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machines workpieces so that both a laser light source and also 
a corresponding conversion unit are encompassed by the robot. 
Alternatively, there can be a separate device for producing lines 
or groups of lines which includes a laser light source and a 
conversion unit and accordingly must be arranged at a given 
interval to the workpiece which is to be machined by the robot. 
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"Marked-Up Specification" 

PRODUCING LINES OF LIGHT FOR 
POSITIONING ASSISTANCE FOR ROBOTS 

Background of the Invention 

[0001] This invention relates to a device for producing lines 

or groups of lines of electromagnetic radiation of the optical 
spectral range in a definable area of space [ ^ and thel . The lines 
or groups of lines can be used as positioning aids or geometry 
detection aids, [comprising] and they include at least one 
conversion unit which is at least partially transparent to the 
electromagnetic radiation used, and which can convert the 
electromagnetic radiation passing through it, especially coherent 
radiation or laser radiation, such that the electromagnetic 
radiation forms at least one line or group of lines in a given 
three-dimensional area . 

[0002] A device of this type is used^ for example^, to give to 

a robot a positioning aid for machining of a workpiece^ or to 
make available to the robot a recognition aid for the contour or 
the geometry of a workpiece. Generally^, the electromagnetic 
radiation is laser light which passes through the conversion unit 
into the stipulated three-dimensional area located^, for example^ 
on the workpiece such that on the workpiece for the robot, 
recognizable groups of lines are copied in the form of a planar 
orthogonal grid. Using these groups of linesj^. made for example 
as gridSj_ the robot is enabled to machine the workpiece at given 
points , 

[0003] Conversion units in the [prior art] past are 

diffractive elements such as holograms which can diffract parts 
of the laser light penetrating the conversion unit^ such that in 
the given three-dimensional area^, for examplej_ on the workpiece, 
linesj:, or for examplej^. grid-shaped groups of lines form. One 
defectj^ in the past [embodiment] embodiments of the conversion 
unit using diffractive elements^ is that a substantial portion 
of the electromagnetic radiation is diffracted into undesirable 
orders so that generally far less than 50% of the electromagnetic 
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radiation incident on the conversion unit contributes to 
producing lines or groups of lines. Furthermore, when the 
conversion unit is equipped with diffractive elements^, it is 
disadvantageous that only very small widening angles can be 
achieved^ so that only in a relatively small range of solid 
angles behind the conversion unitj_ can lines or groups of lines 
be produced. 

[0004] The object of this invention is to devise a device of 

the initially mentioned type which is made to be more efficient. 

SUMMARY OF THE INVENTION 

[0005] This is achieved as [claimed] depicted in the 

invention^, in that the conversion unit [comprises] includes at 
least one refractive element [, by]^ By refraction of the 
radiation passing through the conversion unitj_ on at least one 
optically functional interface of the refractive element^, at 
least one line or group of lines is formed in the given three- 
dimensional area. When using a refractive element, much higher 
efficiencies of almost 100% can be achieved- Furthermore, 
refractive elements make it possible to [much more] dramatically 
broaden the electromagnetic radiation incident on the conversion 
unitj_ so that the desired linesj_ or groups of lines^^ can be 
formed in an essentially larger range of solid angles behind the 
conversion unit. 

[0006] To do this, the optically functional interface of at 

least one refractive element can have a freely selectable 
configuration which is suitable for the lines^ or line groups^ 
to be produced. It iSj_ for example^:, possible to divide the 
optically functional interface of at least one refractive element 
into segments. In this case^, the segments can have the same size 
and can be shaped to be identical. 

[0007] According to one preferred embodiment of this 
invention^ the individual segments can have a cylinder lens 
geometry, there being^. pref erablyjt. two groups of segments with 
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cylinder axes of cylindrical geometry perpendicular to one 
another. The cylinder lens geometry of the individual segments 
can be a spherical^ or an asphericalj, cylinder lens geometry. 
Especially in the choice of these cylinder lens geometries^ is 
it possible to widen the electromagnetic radiation passing 
through the conversion unit behind the latter into a solid angle 
of up tOj_ or even more than^ 180°. For example, groups of 
crossed lines can be formed^ by the arrangement of individual 
segments of the optically functional interface^ as cylinder lens 
segments with cylinder axes perpendicular to one another and can 
form a grid-like structure, as for example^ a planar orthogonal 
grid with a correspondingly array-like arrangement of the 
refractive elements . 

[0008] It is possible^, as [claimed] depicted in the invention^, 

for the produced lines to be straight or even curved lines. 
Furthermore^ it is possible for the generated groups of lines to 
be crosses, triangles, polygons or grids, and the lines which 
form the individual groups of lines can be at a rights, or [an] 
at a non-right angle to one another . 

[0009] According to one preferred embodiment of this 

invention, the generated lines or groups of lines are curved such 
that upon incidence on a curved surface of a workpiece in a given 
three-dimensional area on this workpieccj. they form a planar 
structure, especially a planar, orthogonal grating. It iSj_ for 
example^^ conceivable that [a] in machining robot machineSjt. the 
workpiece [or for example] removes material from the workpiece 
with the aid of the aforementioned inherently curved grid 
structure until the sensors of the robot detect that the line 
structure which is incident on the machined curved surface of the 
workpiece forms a planar orthogonal grid. The conversion unit^^ 
encompassed by the device as [claimed] depicted in the invention^ 
[thus] causes distortion of the traversing electromagnetic 
radiation which is distorted by a correspondingly curved 
workpiece such that a clearly detectable structure like a planar 
orthogonal grid is formed. 



[0010] It is possible for the device to [comprise] include a 

source for producing electromagnetic radiation, especially a 
laser light source. The device together with the laser light 
source can be used either as a separate unit or can^. for example^^ 
be installed in a corresponding robot for machining of 
workpieces . 

[0011] It is also possible to use one such device for process 

monitoring^, for example^ to monitor a welding process, here 
especially^ an application in conjunction with CMOS cameras 
[seeming to be] is suitable, because these CMOS cameras have much 
higher dynamics so that among others both the welding point and 
also its vicinity can be better recognized, so that^ for example^, 
the linesj_ or groups of linesj_ imaged on the workpiece to be 
welded can be better recognized by the welding unit^ or the 
process monitoring unit. Other possible applications of a device 
as [claimed] depicted in the invention are in the area of surface 
analysis or three-dimensional assignment, especially tracking of 
a system. 

Brief Description of fche Figures 

[0012] Other advantages and features of this invention become 

clear from the following description of preferred embodiments 
with reference to the attached Figures [.]j_ 

[0013] Figure 1 shows a perspective view of a conversion unit 

as claimed in the invention; and 

[0014] Figure 2 shows a plan view of four groups of lines of 

electromagnetic radiation which can be produced using the 
conversion unit as shown in Figure 1 in a predefinable three- 
dimensional area. 

Detailed Description of the Invention 

[0015] First, reference is made to Figure 1. The sample 

embodiment of a conversion unit 1 as [claimed] depicted in the 
inventionj^ as shown in Figure 1^ is composed of four identical 
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refractive elements 2. In the embodiment shown^, the refractive 
elements 2 are each of the same size and each have a planar 
quadratic entry surface for the electromagnetic radiation^ the 
four entry surfaces being located bordering one another such that 
the four quadratic planar entry surfaces of the refractive 
elements form a continuous square . 

[0016] One optically functional interface 3j_ which is used as 

the exit surface for the electromagnetic radiation^, made for 
example as a laser beam is opposite the planar entry surface of 
each of the refractive elements 2. In the embodiment shownj_ the 
optically functional interfaces 3 are each divided into four 
segments in]_5_ In the embodiment shown^, the segments being 

chosen such that the refractive element 2 represents a regular 
four-sided pyramid with curved side surfaces. The curvature of 
the segments 4 of the optically functional interface 3 is chosen 
in the embodiment shown such that the segments 4 opposite one 
another are sections of the same cylinder jacket. Here the 
cylinder axes of adjacent segments 4 are perpendicular to one 
another at the same time. Each of the refractive elements 2 thus 
[comprises] include , in the embodiment shown^, an optically 
functional interface 3 which is composed of four segments 4 which 
are used as cylinder lenses. These segments 4 which are used as 
cylinder lenses touch one another at the tip of the 
aforementioned regular polygonal pyramid with curved side 
surfaces . 

[0017] With corresponding transparency of the conversion unitj_ 

shown in Figure lj_ to the electromagnetic radiation incident on 
the conversion unit 1, in the three-dimensional area which is 
located preferably at the distance of the focal length of the 
cylinder lens-like segment 4 from the conversion unitj_ there is 
an arrangement of groups 5 of lines which is apparent from Figure 
2. Each of the groups 5 of lines [comprises] include two lines 
6, 1 which cross one another at an angle of 90°. Each of the 
lines 6 and 7 represents a combined focal line of two segments 
4 of an optically functional interface 3 of one of the refractive 



elements 2, the two segments 4 being opposite one another. The 
vertical position of the cylinder axes of adjacent segments 4 of 
refractive elements 2 yields the cross shape of each of the 
groups 5 of lines. In particular^ the right angle between the 
lines 6 and 7 follows from the cylinder axes of adjacent segments 
4 being perpendicular to one another. 

[0018] If the cylinder axes of adjacent segments are not 

perpendicular to one another, there is a group of lines in which 
the individual lines cross at an angle which is not equal to a 
right angle. It is possible as [claimed] depicted in the 
invention to choose different geometries of the individual 
segments. For example, aspherical cylinder geometries can be 
used, or even largely free-form surface geometries. It is also 
possible to divide the optically functional interfaces into more 
or less than four segments. 

[0019] In this way, not only crossed groups of lines which 

according to Figure 2 overall yield a grid, but also lines which 
yield a triangle or lines which yield a polygon and which are 
then combined with the corresponding other groups of lines into 
patterns can be produced. It is also possible to execute the 
individual lines as curved lines, depending on the geometrical 
configuration of the individual segments or the individual 
optically functional interfaces of the conversion unit. 
[0020] Furthermore, it is possible to produce for example 

grid-shaped groups of lines which then become apparent only as 
an orthogonal grid structure when the laser radiation passing 
through the conversion unit in the given three-dimensional area 
is incident on a curved surface of a workpiece[, for example]. 
One such structure which appears as an orthogonal grid structure 
in projection onto a curved surface could be usedj_ for example^ 
within the framework of machining processes on the aforementioned 
workpiece. In particular, a robot which shapes a workpiece could 
remove material in a controlled manner on the workpiece until the 
light passing through from the conversion unit to the workpiece 
yields an orthogonal planar grid. [Exactly in] In this case^ 
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[does] the workpiece [have] has the desired curved surface on 
which the projected groups of lines yield an orthogonal planar 
grid . 

[0021] It is furthermore possible for the device for producing 

lines or groups of lines to be integrated into a robot which 
machines workpieces so that both a laser light source and also 
a corresponding conversion unit are encompassed by the robot. 
Alternatively, there can be a separate device for producing lines 
or groups of lines which [comprises] includes a laser light 
source and a conversion unit and accordingly must be arranged at 
a given interval to the workpiece which is to be machined by the 
robot - 
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Mia-t ±s claimed Is : 

12. A device for producing at least one line, or a 
group of lines of electromagnetic radiation of the optical 
spectral range in a preselectable three-dimensional area, the at 
least one line, or the group of lines, are used as positioning 
aids, or geometry detection aids, the device comprising at least 
one conversion unit which is at least partially transparent to 
the electromagnetic radiation used and which can convert the 
electromagnetic radiation passing through it, such that the 
electromagnetic radiation forms the at least one line, or the 
group of lines in a given three-dimensional wherein the 
conversion unit comprises at least one refractive element, by 
refraction of the radiation passing though the at least one 
conversion unit on at least one optically functional interface 
of the refractive element the at least one line or the group of 
lines being formed in a given three-dimensional area. 

13. The device as claimed in claim 12, wherein the at 
l.east one optically functional interface of the at least one 
refractive element has a freely selectable configuration which 
is suitable for the at least one line or the group of lines to 
be produced - 

14. The device as claimed in claim 12, wherein the at 
least one optically functional interface of the at least one 
refractive element is divided into segments. 

15. The device as claimed in claim 14, wherein the 
segments have the same size and have an identical shape. 

16. Device as claimed in claim 14, wherein the segments 
have a cylinder lens geometry, and wherein two groups of the 
segments, with cylinder axes of cylinder geometry, and the axes 
of the two groups being perpendicular to one another. 
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17. The device as claimed in claim 16, wherein the 
cylinder lens geometry of the segments is a spherical or an 
a spherical cylinder lens geometry . 



18. The device as claimed in claim 12, wherein the at 
least one line is a straight line or a curved line. 



19, The device as claimed in claim 12, wherein the 
group of lines can be crosses, triangles, polygons or lattices, 
and the at least one line, which form the group of lines can be 
on top of one another at a right angle or at an angle which 
differs from a right angle. 



20. The device as claimed in claim 12, wherein the at 
least one line or the group of lines are curved such that they 
image a planar orthogonal lattice, when they encounter a curved 
surface of a workpiece in a given three-dimension area on the 
latter . 



21. The device as claimed in claim 12, wherein the 
device further comprises a laser light source for producing the 
electromagnetic radiation . 



22. Robots for machining of workpieces comprising a 
device as claimed in claim 12. 
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PRODUCING LINES OF LIGHT FOR POSITIONING ASSISTANCE FOR ROBOTS 



This invention relates to a device for producing lines or 
groups of lines of electromagnetic radiation of the optical 
spectral range in a definable area of space, and the lines or 
groups of lines can be used as positioning aids or geometry 
detection aids, comprising at least one conversion unit which is 
at least partially transparent to the electromagnetic radiation 
used, and which can convert the electromagnetic radiation passing 
through it,, especially coherent radiation or laser radiation, 
such that the electromagnetic radiation forms at least one line 
or group of lines in a given three-dimensional area. 

A device of this type is used for example to give to a robot 
a positioning aid for machining of a workpiece or to make 
available to the robot a recognition aid for the contour or the 
geometry of a workpiece. Generally the electromagnetic radiation 
is laser light which passes through the conversion unit into the 
stipulated three-dimensional area located for example on the 
workpiece such that on the workpiece for the robot, recognizable 
groups of lines are copied in the form of a planar orthogonal 
grid. Using these groups of lines made for example as grids the 
robot is enabled to machine the workpiece at given points. 

Conversion units in the prior art are diffractive elements 
such as holograms which can diffract parts of the laser light 
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penetrating the conversion unit such that in the given three- 
dimensional area for example on the workpiece, lines or for 
example grid- shaped groups of lines form. One defect in the 
embodiment of the conversion unit using diffractive elements is 
that a substantial portion of the electromagnetic radiation is 
diffracted into undesirable orders so that generally far less 
than 50% of the electromagnetic radiation incident on the 
conversion unit contributes to producing lines or groups of 
lines. Furthermore, when the conversion unit is equipped with 
diffractive elements it is disadvantageous that only very small 
widening angles can be achieved so that only in a relatively 
small range of solid angles behind the conversion unit can lines 
or groups of lines be produced. 

The object of this invention is to devise a device of the 
initially mentioned type which is made to be more efficient. 

This is achieved as claimed in the invention in that the 
conversion unit comprises at least one refractive element, by 
refraction of the radiation passing through the conversion unit 
on at least one optically functional interface of the refractive 
element at least one line or group of lines is formed in the 
given three-dimensional area. When using a refractive element, 
much higher efficiencies of almost 100% can be achieved. 
Furthermore, refractive elements make it possible to much more 
dramatically broaden the electromagnetic radiation incident on 
the conv^erslon unit so that the desired lines or groups of lines 
can be formed in an essentially larger range of solid angles 
behind the conversion unit. 
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To do this, the optically functional interface of at least 
one refractive element can have a freely selectable configuration 
which is suitable for the lines or line groups to be produced. 
It is for example possible to divide the optically functional 
interface of at least one refractive element into segments. In 
this case the segments can have the same size and can be shaped 
to be identical. 

According to one preferred embodiment of this invention the 
individual segments can have a cylinder lens geometry, there 
being preferably two groups of segments with cylinder axes of 
cylindrical geometry perpendicular to one another. The cylinder 
lens geometry of the individual segments can be a spherical or an 
aspherical cylinder lens geometry. Especially in the choice of 
these cylinder lens geometries is it possible to widen the 
electromagnetic radiation passing through the conversion unit 
behind the latter into a solid angle of up to or even more than 
18 0°. For example, groups of crossed lines can be formed by the 
arrangement of individual segments of the optically functional 
interface as cylinder lens segments with cylinder axes 
perpendicular to one another and can form a grid- like structure, 
as for example a planar orthogonal grid with a correspondingly 
array-like arrangement of the refractive elements. 

It is possible as claimed in the invention for the produced 
lines to be straight or even curved lines. Furthermore it is 
possible for the generated groups of lines to be crosses, 
triangles, polygons or grids, and the lines which form the 
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individual groups of lines can be at a right or an non-right 
angle to one another. 

According to one preferred embodiment of this invention, the 
generated lines or groups of lines are curved such that upon 
incidence on a curved surface of a workpiece in a given three- 
dimensional area on this workpiece they form a planar structure, 
especially a planar, orthogonal grating. It is for example 
conceivable that a machining robot machines the workpiece or for 
example removes material from the workpiece with the aid of the 
aforementioned inherently curved grid structure until the sensors 
of the robot detect that the line structure which is incident on 
the machined curved surface of the workpiece forms a planar 
orthogonal grid. The conversion unit encompassed by the device 
as claimed in the invention thus causes distortion of the 
traversing electromagnetic radiation which is distorted by a 
correspondingly curved workpiece such that a clearly detectable 
structure like a planar orthogonal grid is formed. 

It is possible for the device to comprise a source for 
producing electromagnetic radiation, especially a laser light 
source. The device together with the laser light source can be 
used either as a separate unit or can for example be installed in 
a corresponding robot for machining of workpieces . 

It is also possible to use one such device for process 
monitoring for example to monitor a welding process, here 
especially an application in conjunction with CMOS cameras 
seeming to be suitable, because these CMOS cameras have much 
higher dynamics so that among others both the welding point and 
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also its vicinity can be better recognized, so that for example 
the lines or groups of lines imaged on the workpiece to be welded 
can be better recognized by the welding unit or the process 
monitoring unit. Other possible applications of a device as 
claimed in the invention are in the area of surface analysis or 
three-dimensional assignment, especially tracking of a system. 

Other advantages and features of this invention become clear 
from the following description of preferred embodiments with 
reference to the attached Figures . 

Figure 1 shows a perspective view of a conversion unit as 
claimed in the invention; 

Figure 2 shows a plan view of four groups of lines of 
electromagnetic radiation which can be produced using the 
conversion unit as shown in Figure 1 in a predefinable three- 
dimensional area. 

First, reference is made to Figure 1. The sample embodiment 
of a conversion unit 1 as claimed in the invention as shown in 
Figure 1 is composed of four identical refractive elements 2. In 
the embodiment shown the refractive elements 2 are each of the 
same size and each have a planar quadratic entry surface for the 
electromagnetic radiation, the four entry surfaces being located 
bordering one another such that the four quadratic planar entry 
surfaces of the refractive elements form a continuous square. 

One optically functional interface 3 which is used as the 
exit surface for the electromagnetic radiation made for example 
as a laser beam is opposite the planar entry surface of each of 
the refractive elements 2. In the embodiment shown the optically 
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functional interfaces 3 are each divided into four segments 4, in 
the embodiment shown the segments being chosen such that the 
refractive element 2 represents a regular four-sided pyramid with 
curved side surfaces . The curvature of the segments 4 of the 
optically functional interface 3 is chosen in the embodiment 
shown such that the segments 4 opposite one another are sections 
of the same cylinder jacket. Here the cylinder axes of adjacent 
segments 4 are perpendicular to one another at the same time. 
Each of the refractive elements 2 thus comprises in the 
embodiment shown an optically functional interface 3 which is 
composed of four segments 4 which are used as cylinder lenses. 
These segments 4 which are used as cylinder lenses touch one 
another at the tip of the aforementioned regular polygonal 
pyramid with curved side surfaces. 

With corresponding transparency of the conversion unit shown 
in Figure 1 to the electromagnetic radiation incident on the 
conversion unit 1, in the three-dimensional area which is located 
preferably at the distance of the focal length of the cylinder 
lens- like segment 4 from the conversion unit there is an 
arrangement of groups 5 of lines which is apparent from Figure 2 . 
Each of the groups 5 of lines comprises two lines 6, 7 which 
cross one another at an angle of 90°. Each of the lines 6 and 7 
represents a combined focal line of two segments 4 of an 
optically functional interface 3 of one of the refractive 
elements 2, the two segments 4 being opposite one another. The 
vertical position of the cylinder axes of adjacent segments 4 of 
refractive elements 2 yields the cross shape of each of the 
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groups 5 of lines. In particular the right angle between the 
lines 6 and 7 follows from the cylinder axes of adjacent segments 
4 being perpendicular to one another. 

If the cylinder axes of adjacent segments are not 
perpendicular to one another, there is a group of lines in which 
the individual lines cross at an angle which is not equal to a 
right angle. It is possible as claimed in the invention to choose 
different geometries of the individual segments. For example, 
aspherical cylinder geometries can be used^ or even largely free- 
form surface geometries. It is also possible to divide the 
optically functional interfaces into more or less than four 
segments . 

In this way, not only crossed groups of lines which 
according to Figure 2 overall yield a grid, but also lines which 
yield a triangle or lines which yield a polygon and which are 
then combined with the corresponding other groups of lines into 
patterns can be produced. It is also possible to execute the 
individual lines as curved lines, depending on the geometrical 
configuration of the individual segments or the individual 
optically functional interfaces of the conversion unit. 

Furthermore, it is possible to produce for example grid- 
shaped groups of lines which then become apparent only as an 
orthogonal grid structure when the laser radiation passing 
through the conversion unit in the given three-dimensional area 
is incident on a curved surface of a workpiece, for example. One 
such structure which appears as an orthogonal grid structure in 
projection onto a curved surface could be used for example within 



.1 o o ..-"H; iim-o e „. o s a "-li- u iH-r 

9 

the framework of machining processes on the aforementioned 
workpiece. In particular, a robot which shapes a workpiece could 
remove material in a controlled manner on the workpiece until the 
light passing through from the conversion unit to the workpiece 
yields an orthogonal planar grid. Exactly in this case does the 
workpiece have the desired curved surface on which the projected 
groups of lines yield an orthogonal planar grid. 

It is furthermore possible for the device for producing 
lines or groups of lines to be integrated into a robot which 
machines workpieces so that both a laser light source and also a 
corresponding conversion unit are encompassed by the robot. 
Alternatively, there can be a separate device for producing lines 
or groups of lines which comprises a laser light source and a 
conversion unit and accordingly must be arranged at a given 
interval to the workpiece which is to be machined by the robot. 
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Claims 

1. Device for producing lines (6, 7) or groups (5) of lines 
of electromagnetic radiation of the optical spectral range in a 
preselectable three-dimensional area, and the lines (6, 7) or 
groups (5) of lines can be used as positioning aids or geometry 
detection aids, comprising at least one conversion unit (1) which 
is at least partially transparent to the electromagnetic 
radiation used and which can convert the electromagnetic 
radiation passing through it, especially coherent radiation or 
laser radiation, such that the electromagnetic radiation forms at 
least one line (6, 7) or group (5) of lines in a given three- 
dimensional area, characterized in that the conversion unit (1) 
comprises at least one refractive element (2) , by refraction of 
the radiation passing though the conversion unit (1) on at least 
one optically functional interface (3) of the refractive element 
(2) at least one line (6, 7) or group (5) of lines being formed 
in a given three-dimensional area. 

2. Device as claimed in claim 1, wherein the optically 
functional interface (3) of at least one refractive element (2) 
has a freely selectable configuration which is suitable for the 
lines (6, 7) or groups (5) of lines to be produced. 



3. Device as claimed in one of claims 1 or 2, wherein the 
optically functional interface (3) of at least one refractive 
element (2) is divided into segments (4) . 

4. Device as claimed in claim 3, wherein the segments (4) 
have the same size and have preferably an identical shape. 

5. Device as claimed in one of claims 3 or 4, wherein the 
individual segments (4) have a cylinder lens geometry, there 
being preferably two groups of segments (4) with cylinder axes of 
cylinder geometry, the axes being perpendicular to one another. 

6. Device as claimed in claim 5, wherein the cylinder lens 
geometry of the individual segments (4) is a spherical or an 
aspherical cylinder lens geometry. 

7. Device as claimed in claim 1 to 6, wherein the generated 
lines (6, 7) can be straight or curved lines. 

8. Device as claimed in one of claims 1 to 7, wherein the 
generated groups (5) of lines can be crosses, triangles, 
polygons, grids or the like, and the lines (6, 7) which form the 
individual groups (5) of lines can be on top of one another at a 
right angle or at an angle which differs from a right angle. 

9. Device as claimed in one of claims 1 to 8, wherein the 
generated lines {6, 7) or the generated groups (5) of lines are 
curved such that they image a planar structure, especially a 
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planar orthogonal grid, when they encounter the curved surface o 
a workpiece in a given three -dimension area on the latter. 

10. Device as claimed in one of claims 1 to 9, wherein the 
device comprises a source for producing the electromagnetic 
radiation, especially a laser light source. 

11. Robots for machining of workpieces comprising a device 
as claimed in one of claims 1 to 10. 
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aaa (54) Title: PRODUCTION OF LINES OF LIGHT AS AN AID TO POSITIONING A ROBOT 



^= (54) Bezeichnung: ERZEUGUNG VON LICHTLINIEN ZUR POSITIONIERHILFE FUR ROBCTTER 



(57) Abstract: The refractive converter unit (1) is 100 % effec- 
tive compared with holograms and comprises four refractive el- 
ements (2), each of which consists of a regular four-sided pyra- 
mid provided with lateral surfaces (4) having a curved, spheri- 
cal or aspherical outer cylindrical envelope. Triangles, polygons 
and grid-like structures can be used to generate curved lines for a 
processing roboL Four crosses (5) are generated by a laser light 
source. A CMOS camera can be used as a geometrical detection 
aid in order to monitor a welding process. 



(57) Zusammenfassung: Die gegenuber Hologrannmen 100 
% effekiive refraktive Umwandlungseinheit (1) besitzt vier 
refraktive Elemente (2) mit jeweils einer regularen vierseitigen 
Pyramide mit gekrUmmten sph^schen oder aspharischen 
Zylindermantel SeitenflSchen (4). Dreiecke, Vielecke und Gitter 
sind mdglich zur Erzeugung auch gekriimmter Linien fur einen 
Bearbeitungsroboter. Eine Laserlichtquelle erzeugt damit vier 
Kreuze (5). SchweissprozessCiberwachung in Verbindung mit 
einer CMOS Kamera als Geometriedetektionshilfe. 
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beansprucht wird, vorangeht. 



I hereby claun foreign priority under Title 35, United States Code, 
§119(a)-(d) or § 365(b) of any foreign application(s) for patent or 
inventor's certificate, or § 365(a) of any PCT hitemational application 
which designated at least one country other than the United States, listed 
below and have also identified below, by checknig the box, any foreign 
application for patent or inventor's certificate, or PCT hitemational 
application having a filing date before tliat of the application on which 
priority is claimed. 



Prior Foreign Applications 

(Frtihere auslandische Amneldungen) 



199 32 590.1 



(Number) 

(Nui 



umiTier) 
PCT/EPOO/05934 

^Number) 
(Numiner) 



(Country) 
(Land) 



Germany 



PCT 



(Country) 
(Land) 



13/07/1999 



(Day/Month/Year Filed) 
(Tag/Monat/Jalir der Annieldung) 



27/06/2000 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Annieldung) 



Priority Not Claimed 
Prioritat nicht beansprucht 

□ 



□ 



Ich beanspruche hiennit Priori tats vortcile unter Title 35, US-Codc, 
§ 1 1 9(e) aller US-Hilfsamneldungen wie unten aufgezahlt 



I hereby claim the benefit under Title 35, United States Code, 



(Application No.) 
(Aktenzeiclieii) 



(Filing Date) 
(Annieldetag) 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Annieldetag) 

Ich beanspruche hiennit die mir unter Title 35, US-Code, § 120 
zustehenden Vorteile aller unten aufgefuluten US-Patentamneldungen 
bzw. § 365(c) aller PCT mtemationalen Amneldungen, welche die 
Vereinigten Staaten von Amerika benemien, und erkemie, insofem der 
Gegenstand eines jeden fruhcren Anspruchs dieser Patcntaimieldung 
nicht in einer US-Patentamneldung, bzw. PCT mtemationalen 
Aiuneldung in in einer gemafl dem crstcn Absatz von Title 35, 
US-Code, § 112 vorgeschricbenen Art und Wcise oftenbart wurdc, 
meine Pflicht zur Offenbarung jeglicher hifonnationen an, die zur 
Prufung der Patentfahigkeit in Einklang mit Title 37, Code of Federal 
Regulations, § 1.56 von Belang sind und die im Zeitraum zwischen 
dem Amneldetag der fniheren Patentaiuneldung und dem nationalen 
Oder im Rahinen des Verlrags uber die Zusammenarbeit auf dem Gebiet 
des Patentwesen (PCT) gultigen iiiteniationalen Araneldetags bekamit 
geworden sind. 



I hereby claim the benetit under Title 35, United States Code, § 120 of 
any United States application(s), or § 365(c) of any PCT hitemational 
application designating the United States, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in 
the prior United States or PCT hitemational application in the maimer 
provided by the first paragraph of Title 35, United States Code, § 1 12, 1 
acknowledge the duty to disclose information which is matenal to 
patentability as defined in Title 37, Code of Federal Regulations, § 1 56 
which became available between the filing date of the prior application 
and the national or PCT hitemational tiling date of this application 



(Application No ) 
(Aktenzeichen) 



(Application No ) 
(Aktenzeichen) 



(Filing Date) 
(Aiuneldctag) 



(Filing Dale) 
(Annieldetag) 



Ich erklare hiennit, dafi alle in der vorliegenden Erklarung von niir 
gemachten Aiigaben nach bestem Wissen und Gewissen der Walirheit 
entsprechen, und femer daJ3 ich dicse eidesstattlichc Erklarung in 
Kemitnis dessen ablege, dafl wisseiitlich und vorsatzlich talsche 
Angaben oder dergleichen gemafl § 1001, Title 18 des US-Code straibar 
sind und mit Geldstrafe und/oder Gefangnis bestraft werden komien und 
dafl derartige wissentlich und vorsatzlich falschc Angaben die 
Rechtswirksainkeit der vorliegenden Patentamneldung oder eines 
aufgnmd deren erteilten Patentes gefahrdcn konnen. 



(Status) (patented, pending, abandoned) 
(Status) (patentiert, schwebend, aufgegebcn) 



(Status) (patented, pending, abandoned) 
(Status) (patentiert, .schwebend, aufgegeben) 

1 hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on infonnation and belief are believed to 
be true, and further tliat these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or 
imprisomncnt, or both, under Section 1001 of Title 18 of die United States 
Code and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 
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German Language Declaration 



s 



VERTRETUNGSVOLMACHT: Als benannter Erfinder 
beauftrage ich hierniit den (die) nachstehend aufgefUhrten 
Patentanwalt (Patentanwalle) und/oder Veitreler init der 
Verfolguiig der vorliegenden Patentannieidung sowie mil der 
Abwicklung aller dainit verbuiidenen Aiigeiegeiilieiten vor 
dem US-Patent-und Markenamt: (Name(n) und 
Registrationsnummer(n) auflisten) 

Reg. .air^Sf 
Feg. 22,261 
Reg. "ZTTWB 
Reg. -4*7^ 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
tliis application and transact all business in the Patent and 
Trademark Office connected therewitli: (list nmiie and 
registration number) 



Stewart L. Gltler 
Hair tin P . Hoffman 
Hltahell B. Was son 
Clurlstqphex J. MoDonald 



Stewairt L. Gitler 
Maxtin P. Hoffmaui 
Hltoliell B. Wzisson 
Christopher J. MoDonald 



Reg. 3j^f256 
Reg. .2Z^± 
Reg._27j4JB5 
neg. 41,533, 



Postanscluift: 



HOFMW. WHSSOH & GITLER , PC 
23 61 Jeffe rson Davis Hl ghvfa y 

Suite 522 



Arlington, Virginia. 22202 

Telefoiiische Auskunfte: (Name und Telefonnummer) 



Stewart L. Gitler 



Send Correspondence to: Hom™, toussok & gxtimr, pc 

2361 Jefferson Davis Highway 
suite 522 

Arlington, Virginia 22202 

Direct Telephone Calls to: (name and telephone number) 
Stewart L. Gitler 



(703) 415-0100 



(703)415-0100 



Vor- und Zunaine des eiiizieeu oder ersteu Erflnders 
Vitalij LISSOTSCHENKO 


Full name of sole or first inventor 
Vitalij LISSOTSCHENKO 


Untersclirift des Erfifidcrs Datum 


Inventor's signature Date 


WohiisitzT^ 

TospelHweq 19, D-44149 Dortnnund. Germany 'J>^>^ 


Residence 

Tospelliweg 19, D-44149 Dortmund, Germany 


Staatsangehorigkeit 
German 


Citizenship 
German 


Postaiischrifl 
Same as above 


Post Oflice Address 
Same as above 


Vor- und Zuname des zweiten Miterfniders (falls zutreffend) 
Alexei MIKHAILOV ^ 


Full name of second joint uiventor, if any 
Alexei MIKHAJLOV / 


UnterschriMes zw^en Erfiiiders Datum 

,4-. A, ■^>^ O-f lOoi 


Second InveMor's sigi/dture Date 

^JLA-. il.ol.Qool 


Wohiisilz 

Am Sporkel 67, D-44227 Dortmund. Germany DB^ 


Residence 

Am Sporkel 67, D-44227 Dortmund. Gernnany 


Staatsangehorigkeit 
Russian 


Citizenship 
Russian 


Postanschrifl 
Same as above 


Post Office Address 
Same as above 

— 



(Im Falle dritter und weiterer Miterfinder Miterfinder sind (Supply similar information and signature for Qiird and 

die entspreclienden Infonnatiouen und Unterschriften subsequent joint inventors.) 

hinzuzufUgen.) 
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were not present. 



□ Page(s) ^of_ were not present 

for scanning. (Document title) 



a Scanned copy is best available. 



